Abstract
Introduction
While often initially silent because of attendant neuropathy, lower extremity complications of diabetes constitute a major public health burden in both the developed and developing world. [1, 2, 3] Overall, these complications frequently develop into diabetic foot ulcers (DFUs) which pose substantial risks of infection and amputation irrespective of critical limb ischemia. The lifetime incidence of DFUs has been estimated to impact 25% of patients, with the condition's sequelae resulting in serious infections requiring hospitalization among 50% of cases and lower extremity amputation in 25%. [4] The five-year mortality rate associated with DFUs requiring amputation ranges from 39-80%, strikingly similar to the most aggressive forms of cancer. [1, 3, 5, 6] The major risk factors associated with the development of DFUs and subsequent amputation include neuropathy, nephropathy, ischemia (peripheral artery disease or PAD), hypertriglyceridemia, tobacco use, and poor glycemic control. [2, 4, 7, 8] In addition to the human toll associated with mortality, the direct medical costs of DFUs have also been estimated to constitute one-third of all costs related to diabetes, with two-thirds of these costs incurred within inpatient settings. [5, 6] Particularly among working-aged individuals, a two-fold higher likelihood of being admitted through emergency department (ED) settings has been observed. [5] Across numerous disease states, including diabetes, disparities in both the utilization of ED facilities and in health outcomes emanating from these settings have been observed and discussed including age, race or ethnicity, sex, geographic region, socioeconomic status, and insurance coverage. [9] [10] [11] [12] [13] [14] [15] Despite the large clinical and economic burden attributable to DFUs, particularly within acute care settings, only limited research has focused upon ED use for this complex and common condition. Given this research gap, the purpose of the present study was to evaluate the magnitude and impact of cases presenting with a DFU to ED settings from 2006-2010 in the US. More specifically, the objectives were to assess clinical outcomes of patient disposition and economic outcomes of charges and lengths of stay based upon patient demographic and socioeconomic factors, hospital characteristics, and comorbid disease states.
Department Sample (NEDS). [16] Via a complex sampling design, NEDS data capture patterns of care within approximately one-thousand EDs in the US to permit findings to generalize to over 120 million ED cases per year nationally. As these data are fully-anonymized and do not contain identifiable protected health information, this analysis is designated as exempt from Institutional Review Board Human Subjects Protection. [16] Inclusion criteria for this study included DFU cases emanating from the ED among adults 18 years of age. As no explicit diagnostic code is currently present to identify DFUs, the validated procedure by Sohn et al. (2010) was employed. [17] Therein, ICD-9-CM codes (International Classification of Disease, 9 th Edition Clinical Manifestation) of either 707.1x (Ulcer of minor limb, except pressure ulcer) or 707.9 (Chronic ulcer, unspecified) in addition to any diagnosis of diabetes (ICD-9 250.xx) were used. The key clinical outcomes assessed included patient disposition from the ED, defined as: a) treat-and-release; b) transfer; c) major amputation (i.e., above ankle); d) minor amputation (i.e., involving the foot only); e) inpatient death; and e) inpatient admission. Two economic outcomes were also measured: a) medical-service inflation adjusted charges (US$, 2014) from the ED and inpatient setting, reflecting costs from the perspective of the payer; and b) resource utilization measured by inpatient length of stay (LoS). In more detail, major amputations were defined as ICD-9 84.13-84.19 (i.e., ankle disarticulation, through malleoli of tibia and fibula, below knee, through knee, above knee, hip, abdominopelvic amputation), while minor procedures included ICD-9 84.10-84.12 (i.e., amputation of minor limb, toe, through foot). Independent variables included patient demographics (i.e., age, sex, non-metro/rural residence, regional income quartile level, primary payer), hospital characteristics (i.e., rural location, teaching facility, and geographic region), comorbid case characteristics (i.e., Deyo-Charlson comorbidities, a validated case-mix risk severity measure), the presence of sepsis, and year. [18] Rural categorizations of patient residence and hospital location were defined as micropolitan or non-metropolitan counties according to standardized Urban Influence Codes and National Center for Health Statistics for areas under 50,000 persons. Medicare and Medicaid refer to U. S. federal and state health care coverage programs, respectively. [19] While Medicare predominantly provides coverage to those 65 years of age and older, Medicaid involves state-administered procurement of health care for persons of low income.
Multivariable analyses were used to assess the associations between clinical and economic outcomes and sociodemographic factors, year, hospital characteristics, and comorbid conditions. Patient disposition from the ED was evaluated via a multinomial regression, defining the referent/baseline as an admission-only case. [20, 21] Stratified by patient disposition, economic outcomes were analyzed with a generalized linear model (GLM) framework and specified by a gamma distribution and log-link for charges and by a negative binomial distribution using mean dispersions with log-link for LoS. [20] Each of these aforementioned analyses yield coefficients broadly interpreted as relative risks (e.g., <1.0 suggesting a reduced likelihood, = 1.0 suggesting no difference in likelihood, and >1.0 suggesting an increased likelihood). More specifically, the interpretation of these coefficients are as: a) relative risk ratios (RRR) for the multinomial regression of patient disposition from the ED; b) exponentiated beta coefficient estimates (exp(b)) for the gamma regression of charges; and c) incidence rate ratios (IRR) for the negative binomial regression of LoS. [20] All analyses were performed using SAS version 9.2 (Cary, NC) and Stata SE version 12.1 (College Station, TX). An a priori alpha level of 0.05 was used for statistical significance of descriptive statistics and the multinomial regression. Due to the multiple comparisons incurred with analyzing economic outcomes based upon patient disposition, the Simes (1986) procedure was used to control any increase in false discovery rates with the GLM analyses of charges and LoS. [22] Therein, a critical p-value of 0.030 for charges and 0.036 for LoS was calculated. To yield nationally-representative results, a Taylor-series method was used to calculate standard errors based upon HCUP's weighted sampling design. [15] Results
Descriptives
Across the 2006-2010 time frame in the US, a total of 625.2 million patient cases presented to the ED, of which 8.7% involved any diagnosis of diabetes (n = 54,240,481). Cases with DFUs increased +28.2% from 2006 to 2010 (n = 177,478 to n = 227,439), though consistently averaging 1.9% (n = 1,019,861) of adult ED visits presenting with a diagnosis of diabetes irrespective of year. A majority of DFU cases were admitted as inpatients (81.2%, n = 702,692), ultimately comprising 52.0% of all DFU inpatient cases (n = 1,350,400). Some 34,708 major amputations (i.e., above ankle) were performed in addition to 75,932 minor amputations, representing an overall Major:Minor ratio of 0.457. Death occurred in 2.0% (n = 18,355). The total national bill for DFU cases presenting to the ED summed to $8.78 billion per year (US$, 2014), of which $1.9 billion could specifically be attributed to the ED itself. Therein, treat-and-release cases averaged $2,324 (±4453) in charges, while major amputations involved $115,957 (±112762). While rural, non-urban EDs comprised 12.6% of cases and some 15.5% patients resided in these areas, these regions comprised significantly larger proportions of both treat-and-release cases (Rural ED location = 19.7% and Rural patient residence = 22.1%) and transfers to other acute care facilites (Rural ED location = 38.6% and Rural patient residence = 40.3%) (p<0.05). Concerning case-mix, predominant Deyo-Charlson comorbidities included renal disease, heart failure, peripheral vascular disease, and chronic obstructive pulmonary disease. Sepsis was present in 9.6% of cases overall and was highest among mortality cases (39.0%) and major amputations (30.5%). Table 1 presents the full descriptive statistics of cases stratified by patient disposition and overall.
Multivariable Analysis: ED Patient Disposition
Results of the multinomial regression of patient disposition ( Table 2 , Fig 1) suggested significantly higher odds of poor clinical outcomes particularly based upon patient residence (i.e., rural), regional income level (i.e., lowest income quartile), and primary payer (i.e., Medicaid), graphically presented in Fig 1. To illustrate, relative to admission-only cases, persons residing in small cities or rural areas with populations under 50,000 were associated with +51.3% higher odds of major amputation (OR = 1.513, p<0.001), +14.9% higher odds of minor amputation (OR = 1.149, p<0.001), and +41.4% higher odds of inpatient death (OR = 1.414, p<0.001). Furthermore, those residing in the lowest income quartile region were also associated with a +38.5% higher odds of major amputation (OR = 1.385, p<0.001), while Medicaid beneficiaries incurred a +21.1% and +15.1% higher odds of major amputation (OR = 1.211, p<0.001) and minor amputation (OR = 1.151, p<0.001), respectively.
Over time, significant decreases in the odds of major amputation (OR = 0.947, p<0.001) and inpatient death (OR = 0.910, p<0.001) were observed, although no change in minor amputation was noted (OR = 1.014, p = 0.116). Both treat-and-release cases and transfers were generally associated with less severe comorbid case mixes relative to inpatient admissions, with increased inpatient mortality associated with more severe comorbid case-mixes. Cases presenting with sepsis were at markedly increased odds of inpatient death (OR = 6.114, p<0.001) and major amputation (OR = 3.875, p<0.001).
Concerning hospital characteristics, EDs located within rural communities were significantly more likely to transfer cases to other facilities (OR = 3.132 p<0.001) or offer direct treat-and-release interventions (OR = 1.725, p<0.001), particularly among cases with more 
Multivariable Analysis: Economic Outcomes
The multivariable analysis of economic outcomes for charges (Table 3) and LoS (Table 4) indicated significant increased annual inflation-adjusted charges over time for treat-and-release and transfer cases of slightly over +16%, suggesting a potentially greater intensity of care offered among these cases. While several comorbid conditions were associated with increased charges or LoS, only renal disease and sepsis were consistently associated with both higher charges and longer LoS (p<0.001) irrespective of patient disposition. Even though LoS decreased annually (p<0.001) among cases involving any inpatient admission (i.e., major or minor amputation, inpatient death, admission only), inflation-adjusted charges did not significantly change in these groups. Concerning the association between economic outcomes and sociodemographic characteristics, higher charges were observed among Medicaid recipients versus Medicare patients, including +14.0% for lower amputations (exp(b) = 1.140, p<0.001), +38.3% for inpatient mortality (exp(b) = 1.383, p = 0.003), and +3.7% for inpatient admissions (exp(b) = 1.037, p = 0.021). Medicaid beneficiaries incurred longer lengths of stay, ranging from +9.9% higher for admission-only cases (IRR = 1.099, p = 0.001) to +50.5% higher for mortality cases (IRR = 1.505, p = 0.006). Females had slightly higher charges and LoS than males for lower amputations (exp(b) = 1.043, p = 0.013 and IRR = 1.032, p = 0.018). Geographically, shorter lengths of stay were found across every region versus the Northeast (p<0.001), and charges varied according to region and patient disposition. 
Discussion
This investigation of over one million ED cases presenting with DFUs suggests that diabetic foot complications remain common, complex, and costly. The national inpatient and ED bill summed to $8.78 billion per year, averaging $115,957 per case for major amputations (US$ 2014). This corresponds, at least in magnitude, to estimates reported by Kerr, Rayman, and Jeffcoate (2014) of $1 billion for inpatient and outpatient care to the National Health Service in England. [23] Importantly, significant disparities in health outcomes were observed across numerous patient demographics, clinical comorbidities, and ED characteristics. Persons residing in rural areas (i.e., under 50,000 people) were associated with higher adjusted odds of Multinomial regression model controlling for age, sex, residence, regional income quartile, primary payer, calendar year, Deyo-Charlson comorbidities and sepsis, and hospital characteristics of location, teaching facilities, and geographic region (referent case = admission only). Interpretation: Persons residing in rural, non-urban locations were associated with +51.3%, +14.9, and +41.4% higher odds of major amputation, minor amputation, and inpatient death, respectively (p<0.05).
While there was no difference in death between Medicare and Medicaid cases presenting to the ED, Medicaid beneficiaries incurred +21.1% and +25.1% higher odds for major or minor amputations, respectively, than Medicare patients (p<0.05). Those residing in lowest income quartile regions were associated with +38.5% higher odds of major amputation versus highest income quartile regions (p<0.05).
doi:10.1371/journal.pone.0134914.g001 major amputation, minor amputation, and inpatient death of +51.3%, +14.9%, and +41.4%, respectively (p<0.05). An increased odds of major amputation was also independently observed among Medicaid recipients (+21.1% versus Medicare) and lowest income quartile [9, 24] To mitigate these, and other, differences in health outcomes, the review of health care interventions targeting disparities in diabetes by Peek, Cargill, and Huang (2007) recommended utilizing culturally-tailored programs, providing feedback and education to clinicians, and developing team-based health delivery models. [25] . This may be especially important in care of the diabetic foot, worldwide, as actual costs may not be reflective of income level. For example, Cavanagh et al. (2012) reported in several case vignettes that the cost to heal a complex diabetic foot wound ranged from 3 months' wages in Chile, to 10 months' wages in the USA, to 5.7 years wages in India. [26] Though not relating specifically to DFUs, Menchine, Wiechmann, Peters, and Arora (2012) analyzed 20.2 million diabetes cases presenting to the ED from 1997-2007 via the National Hospital Ambulatory Medical Care Survey (NHAMCS), constituting 1.7% of all ED cases nationally. [15] While a significant +5.6% annual increase in the proportion of diabetes-related cases was reported (p<0.05), this observation was attributed to a higher prevalence of diabetes across the overall population. Importantly, an increased odds (p<0.05) of diabetes-related visits was found to be associated with Medicaid or Medicare health care coverage versus private insurance (OR Medicare Relating to these studies, findings from the current investigation suggest that the rate of DFU cases was relatively constant as a percentage of diabetes ED cases and of overall ED cases at 1.9% and 0.2% per year and that rural ED facilities were more likely to either treat-and-release cases or to transfer them, presumably to tertiary care units. Independent differences concerning a patient's disposition/outcomes from the ED were also observed according to demographics (i.e., age, sex, rural residence, regional income quartile), clinical comorbidities (i.e., Deyo-Charlson comorbidities and sepsis), and ED characteristics (i.e., rural location, teaching facilities, geographic region).
Concerning the likelihood of utilizing the ED among patients with and without diabetes, Egede (2004) utilized the Center for Disease Control (CDC) National Health Interview Survey (NHIS) and found that that no significant differences existed in the odds of ED use between those with and without diabetes in the year 1999 after controlling for self-reported data on demographics and socioeconomic status, seven various comorbid conditions, perceived health status, and selected diabetes-related complications (i.e., coronary artery disease, stroke, endstage renal failure, macular degeneration, retinopathy, blindness). [13] Among individuals with diabetes, however, significant correlates of multiple ED visits (p<0.05) included unemployment, younger age, having a single usual source of care, perceived worsening of health, three or more comorbidities, and presence of diabetes complications. While the current study did not assess the odds of ED use, patient disposition from the ED was observed to vary according to other variables not captured in Engde (1999), including patient sociodemographics (e.g., residence, regional income quartile), primary payer (e.g., Medicaid), additional comorbid conditions (e.g., sepsis, Deyo-Charlson), hospital characteristics (e.g., rural), and calendar year.
In observing that two-thirds of diabetes-related ED cases were directly discharged, Menchine et al. (2012) emphasized that outcomes in diabetes were highly contingent upon care delivered within ambulatory settings and that several ED visits may have been averted through improved preventive care and disease management programs. [15] Washington, Andrews, and Mutter (2013) also stressed that ED use among diabetics is likely multifaceted and related to the presence of complications, poor adherence to treatment and lifestyle modification plans, and lack of primary care. [29] The current study's findings that 81.2% of ED cases with DFUs were admitted and only 17.3% were directly treated-and-released suggests presentation of individuals with an increased severity of illness warranting more intensive care, albeit also potentially preventable with improved access to ambulatory care management programs.
While nationally-representative data for ED cases to assess patient disposition and economic outcomes among DFU cases was used in the present work, certain limitations should be addressed. Foremost, although key variables known to be associated with outcomes were included, unmeasurable or exogenous factors beyond these discharge data may be relevant in the regression model's specification. Clinical information was not present to classify the extent of wounds, degree of ischemia, or severity of infection, all factors highly likely to impact costs and outcomes. [30] Additionally, given that the unit of analysis was the presentation of a case to the ED and not the patient himself over a specified time period, revisits or readmissions could not be reported, nor could the role of treatment within ambulatory care settings. The validated method used as a case definition for DFUs does not suggest that this complication was necessarily the principal diagnosis on record. Finally, generalizing findings specifically to individual patients or hospital systems or patients should be undertaken with caution.
Overall, the interpretation of disparities in health care remains complex, particularly given that root causes are often inadequately measured or addressed. [9, 24] Future research must continue to seek robust assessments of health delivery infrastructure, barriers to care, perceptions of providers, and preferences among treatment interventions. [31] [32] [33] [34] [35] Among those with diabetes, prior research has suggested that a marked underdiagnosis of complications is present in rural locations, with several barriers present: 1) a lower likelihood of receiving professional foot examinations; 2) inadequate practice of conducting a self-foot examination; and 3) a lack of communication across health care providers to engage patients in diabetes self-management education programs. [36] Diabetes-related lower limb amputations are associated with considerable morbidity and mortality and are usually preceded by foot ulceration. [37] Recognizing the potential for severe morbidity related to foot ulcers, many international programs advocate the widespread establishment and implementation of preventive foot care programs with significant emphasis on patient education. [38] Currently, annual assessment procedures are recommended to identify patients with diabetes who are at risk of foot ulceration. [39] Data consistently suggest that patients who have seen a foot specialist along with another member of the diabetes care team in the preceding year have up to an 64-84% lower risk of undergoing an amputation in the subsequent six years. [40, 41] Additionally, data suggest that removal of preventive foot services on a statewide basis increases hospitalization by 38% with an increase in amputation, sepsis and death increasing by some 49%. [42] 
Conclusion
Diabetic foot complications exact a substantial toll on resource utilization as a percentage of overall diabetes care provided in the ED. Development of better systems of urban and rural comprehensive outpatient diabetic foot services to provide earlier coordinated care for this frequently silent condition, should be a major point of healthcare emphasis as it has the potential to reduce costs of emergency care and improve outcomes.
